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Leonard i te ,  a low BTU, n a t u r a l l y  o x i d i z e d  l i g n i t i c  m a t e r i a l  has been suggested 
as a p o s s i b l e  amendment f o r  rec lamat ion o f  s t r i p  mine s p o i l s ,  e s p e c i a l l y  orphan 
s p o i l s ,  which a r e  low i n  o rgan ic  mat ter .  These m a t e r i a l s  have a r e l a t i v e l y  h i g h  
humic a c i d  con ten t  and would be expected t o  improve the growth p o t e n t i a l  o f  these 
ma te r ia l s .  I t  was found t h a t  i n  germinat ion and growth chamber s t u d i e s  ( 5  , 6 ) 
legumes responded favo rab ly  t o  the  a d d i t i o n  o f  10% l e o n a r d i t e  w h i l e  grass p roduc t i on  
was decreased. Trace element s o r p t i o n  by these m a t e r i a l s  was p o s s i b l e  cause f o r  
t h i s  d i f f e r e n t i a l  res onse. I n  an i n i t i a l  s tudy ( 2 )  t he  s o r p t i o n  and subsequent 
e x t r a c t a b i l i t y  o f  Fe'y, A1+3, Cu+*, Zn+2 and Mn+2 by water, h y d r o c h l o r i c  ac id ,  
ammonium acetate,  OTPA-TEA and EDTA were determined, as was phosphorus s o r p t i o n  
by t h e  t race  element sa tu ra ted  l eonard i tes .  I n  a second study, p r e l i m i n a r y  
r e s u l t s  o f  which s h a l l  be repo r ted  here t h e  s o r p t i o n  capac i t i es  o f  6 l i g n i t e  
m a t e r i a l s  ( 3  l eonard i tes  and 3 s lack  coals)  were i nves t i ga ted .  The m a t e r i a l s  were 
q u i t e  d i f f e r e n t  i n  terms o f  humic a c i d  content ,  t o t a l  ca t i ons  and s o r p t i o n  
capac i t y .  Leonard i te  i s  g e n e r a l l y  considered t o  be a l i g n i t e  which i s  o x i d i z e d  
i n  s i t u ,  whereas s lack  coal  i s  t he  upper l a y e r  o f  exposed coal seams and i s  no t  
as h i g h l y  ox id i zed .  

The methods and r e s u l t s  o f  t he  two experiments w i l l  be t r e a t e d  separa te l y ,  
b u t  s ince  the experiments a r e  c l o s e l y  r e l a t e d  they w i l l  be discussed toge the r .  

EXPERIMENT 1 

Methods and M a t e r i a l s  

A 60-gm sample o f  "Ender l i n  l eonard i te "  (obta ined from P r a i r i e  S ta tes  
F e r t i l i z e r  Co.) was p laced i n  a buchner funnel  and successive a l i q u o t s  (100 m l ,  
100 m l ,  150 ml) o f  0.1N s o l u t i o n s  of Fe'3, AI'3, CU'~,  Zn+2 o r  Mn'2 ( a l l  ad jus ted  
t o  pH 2 )  were passed through the  sample and c o l l e c t e d  by s u c t i o n  f i l t r a t i o n .  The 
samples were then washed w i t h  3-100 m l  a l i q u o t s  o f  d i s t i l l e d - d e i o n i z e d  water ,  and 
d r i e d .  
an unt reated c o n t r o l  were e x t r a c t e d  by shaking f o r  2 hours w i t h  20 m l  o f  each o f  
f i v e  e x t r a c t a n t s  (water, I N  ammonium acetate,  0.005 M DTPA-TEA and 0.02 M EDTA). 
Samples o f  each sa tu ra ted  l e o n a r d i t e  and c o n t r o l  were then d iges ted  w i t h  5:1,  n i t r i c :  
p e r c h l o r i c  ac ids t o  determine whether the re  were changes i n  elemental composi t ion 
due t o  c a t i o n  exchange by t h e  s a t u r a t i n g  i o n  and s o l u t i o n  o f  s o l u b l e  components. 
Cat ion concentrat ions were determined by atomic abso rp t i on  spectrophotometry. 

Repl icated 4-gm samples o f  each o f  t he  f i v e  "saturated l eonard i tes "  and 

Since severa l  s tud ies  have shown p o s s i b l e  i n t e r a c t i o n s  between phosphorus 
and l e o n a r d i t e  ( I ,  4 )  samples (4-gm) o f  each sa tu ra ted  l e o n a r d i t e  were a l s o  t r e a t e d  
w i t h  40 m l  o f  500 and 1000 ppm phosphorus (as Ca(H2P04)~) .  A f t e r  3 days t h e  P 
remaining i n  s o l u t i o n  was determined by the molybdophosphoric b l u e  c o l o r  method (3) .  

Resul ts  

I t  was found t h a t  Fe'3 had t h e  h ighes t  s o r p t i o n  (56 me/100 g) f o l l owed  i n  
decreasing o rde r  by C U + ~ ,  A1+3, Zn* and Mn* (53, 51, 45 and 35 me/100 g, respec- 
t i v e l y ) .  
Bh hor izons by Schn i t ze r  (7) i n  which the  s t a b i l i t y  constants  o f  seve ra l  c a t i o n s  
w i t h  the  f u l v i c  a c i d  decreased i n  t h e  f o l l o w i n g  o rde r  a t  pH 3.5:Fe+3, AI'3, Cu'2, 
Fe'2, Ni", Pb+2, C O + ~ ,  Ca+2, Zn+2, Mn+2, Mg+2. 

These r e s u l t s  agree w i t h  t h e  s tud ies  o f  f u l v i c  a c i d  e x t r a c t e d  f rom Podzol 
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The major c a t i o n s  i n  t h e  un t rea ted  c o n t r o l  samples were Ca+2, AI'3, Fe'3, 
Mg+2, and Na+l; the remain ing c a t i o n s  c o n t r i b u t e d  l ess  than I me/100 g (Table 2 ) .  
The t o t a l  c a t i o n  content  was h ighe r  i n  a l l  samples t h a t  had been sa tu ra ted  by any 
t r a c e  element than i n  c o n t r o l  samples. The major and minor a t i o n s  behaved 

c o n t r o l  than i n  the s a t u r a t e d  samples. The decrease was presumed t o  be p r i m a r i l y  a 
r e s u l t  of s o l u t i o n  of s o l u b l e  s a l t s .  
remaining (non-replaceable) a f t e r  s a t u r a t i o n s  ranged from about 5% t o  40% o f  t h e  
c o n t r o l  concentrat ions (F ig .  I ) .  I r o n  and AI had the  h i g h e s t  s o r p t i o n  and appeared 
t o  be most t i g h t l y  bound, however, t he  c o n t r o l  samples and those sa tu ra ted  by any 
o t h e r  c a t i o n  were n e a r l y  equal .  Consequently the  rep laceab le  f r a c t i o n  i s  very low 
(F ig.  I ) .  The minor  components appeared t o  behave s i m i l a r l y ,  a l l  were low i n  t h e  
c o n t r o l  and decreased by about 50% i n  t h e  sa tu ra ted  samples. 

d i f f e r e n t l y  i n  t h e  s a t u r a t i o n  process. Calcium+2, Mg+2, Na+ 5 were h ighe r  i n  t h e  

The average q u a n t i t y  of Ca+2, Mg+2, and Na+l 

The water, H C l  and ammonium ace ta te  e x t r a c t i o n s  o f  sa tu ra ted  sam les  i n d i c a t e  
t h a t  Fe+3 i s  most t i g h t l y  bound, fo l l owed  by AI'3, Cuf2, Zn+2 and Mn+ s . Since EDTA, 

a r e l a t i v e l y  s t rong  c h e l a t i n g  agent, removed about 50% of each ca t i on ,  i t  i s  proba- 
b l e  t h a t  the complexes formed have a s t a b i l i t y  s i m i l a r  t o  EDTA-cation complexes 
(F ig.  2 ) .  

Phosphorus s o r p t i o n  was h ighes t  (more than 90% o f  added P) i n  those samples 
which were sa tu ra ted  by Fe+3 and A l+3 .  
sorbed amounts s i m i l a r  to t h a t  o f  t h e  c o n t r o l .  

EXPERIMENT 2 

Methods and M a t e r i a l s  

Samples sa tu ra ted  w i t h  C U + ~ ,  Zn+2 and Mn+2 

O r i g i n  and humic a c i d  con ten t  o f  the l i g n i t i c  m a t e r i a l s  used i n  t h i s  study 
were as fo l l ows :  

H U M I C  A C I D  
SYMBOL CLASSIFICATION CONTENT % O R I G I N  

GPY Leonard i t e  89.27 Gascoyne mine, Adam Co., ND 
RR Leonard i t e  85.76 Gascoyne mine, Adams Co., ND 
E Leonard i te  65.29 P r a i r i e  States F e r t .  Co., Ransom 

SB Slack Coal 2.35 South Beulah Mine, Mercer Co., ND 
GH Slack Coal 2.84 Glenharo ld Mine, Mercer Co., ND 
PY R 2  Slack Coal 1 1  . g l  South Beulah Mine, Mercer Co., ND 

co., NDI 

'Mined a t  undisc losed l o c a t i o n  i n  Adams Co., ND 
2Contains p y r i t i c  i n c l u s i o n s .  

Zn+2, Mn+2 (ad jus ted  t o  pH 2) by shaking a 2-9 sample w i t h  two successive 20 m l  
a l i q u o t s  o f  t h e  s o l u t i o n .  A f t e r  shak ing f o r  2 hours they were a l lowed t o  stand 
ove rn igh t ,  c e n t r i f u g e d  and the  supernatant decanted. The samples were then washed 
w i t h  two 30 ml-water r i n s e s  and d r i e d  a t  80°C go r  s torage.  

Each o f  t he  above m a t e r i a l s  was sa tu ra ted  w i t h  0.1 N s a l t s  o f  Fe+3, AI t3 ,  C U + ~ ,  

Samples (100 mg) f o r  t o t a l  a n a l y s i s  were d iges ted  i n  3 m l  o f  1:s n i t r i c :  
p e r c h l o r i c  ac id ,  made up t o  50 m l  volume, and f i l t e r e d .  Ca t ion  concentrat ions 
were determined w i t h  Perkin-Elmer Models 403 and 503 atomic abso rp t i on  spectropho- 
tometers us ing s tandard inst rument  methods. 
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Results 

The s o r p t i o n  was determined by a n a l y s i s  o f  b o t h  the  q u a n t i t y  l o s t  from the 
s a t u r a t i n g  s o l u t i o n  and by the  d i f f e r e n c e  between the  content  o f  t he  c o n t r o l  and 
saturated samples. I n  genera l  t he  est imates based on t h e  t o t a l  a n a l y s i s  gave 
h igher  so rp t i on ,  and t h e  c o r r e l a t i o n  was h i g h l y  s i g n i f i c a n t  (r=0.93) (F ig .  3 ) .  
The GPY sample had the g r e a t e s t  s o r p t i o n  capac i t y  fo l l owed  i n  decreas ing o r d e r  by 
SB, GH, RR,  E and PYR (F ig .  4 ) .  
had the h ighes t  so rp t i ons  f o r  all samples fo l l owed  by Zn+2 and Mn+2 (F ig.  4 and 
Table I ) .  

As i n  t h e  f i r s t  experiment, Fe+3, A l + 3  and C U + ~  

Table 1 .  S o r p t i o n  o f  t r a c e  elements by l i g n i t i c  m a t e r i a l s ,  based on t h e  d i f f e r e n c e  
between t o t a l  content  o f  sa tu ra ted  and c o n t r o l  samples. 

Source Fe AI  cu Zn Mn 
Sorpt ion,  me/100 g 

GPY 
SB 
GH 
RR 
E 
PYR 

189.1 251.3 175.6 130.9 
137.8 117.9 117.4 91.8 
87.0 84.5 96.0 68.2 

111.2 97.8 96.0 47.4 
107.4 77.8 81.8 35.2 
97.8 66.7 63.0 35.2 

123.4 
110.6 
39.3 
35.3 
24.7 
18.3 

The Fe'3, Al+3 o r  C U + ~  concen t ra t i ons  o f  samples sa tu ra ted  by any o t h e r  c a t i o n  
(e.g. Fe'3 i n  Al+3, Cu+3, Mn+2 o r  Zn+2 sa tu ra ted  samples) were s i m i l a r  t o  those o f  
t he  c o n t r o l  (Table 2) f o r  all t h e  m a t e r i a l s  tested.  Z inc was s i g n i f i c a n t l y  decreased 
i n  the sa tu ra ted  SB and PYR samples, and Mn was decreased by 50 t o  90 percent  i n  
the  sa tu ra ted  RR, E and PYR samples a s  compared t o  c o n t r o l .  Sodium loss was almost 
un i fo rm regard less o f  t h e  s a t u r a t i n g  i o n  (Table 3) and appears t o  be l o s t  roughly  i n  
p ropor t i on  t o  t h e  q u a n t i t y  o r i g i n a l l y  present .  Calcium and magnesium loss d u r i n g  
s a t u r a t i o n  was g rea tes t  f o r  Fe+3 and A l + 3  sa tu ra t i ons ,  commonly r e s u l t i n g  i n  de- 
crease o f  more than 90% regard less o f  t he  m a t e r i a l .  
t i o n  a l lowed about 30-40 me/100 g more Ca and about 1-5 me/100 g more Mg t o  be 
re ta ined  by the  m a t e r i a l s .  

Discussion and Conclusions 

occu r r i ng  humic m a t e r i a l s  s ince  t h e i r  s o r p t i o n  o f  Fe'3, A l+3 ,  C U + ~ ,  Znf2, MnY2 
shows no se r ious  c o n f l i c t  w i t h  the  s t a b i l i t y  constants  f o r  f u l v i c  a c i d  c a t i o n  
complexes. However, t h e r e  i s  no t  a good c o r r e l a t i o n  between t h e  humic a c i d  content  
as  determined by a l k a l i  e x t r a c t i o n  and t r a c e  element so rp t i on .  Th is  may be an  
i n d i c a t i o n  o f  t he  fo rma t ion  o f  complexes w i t h  compounds very d i f f e r e n t  than humic 
ac ids.  Fu r the r  research i s  needed t o  determine t h e  a c t i v e  f u n c t i o n a l  groups and 
t h e i r  bonding mechanisms. Resu l t s  of  the  EDTA e x t r a c t i o n  i n  the  f i r s t  experiment 
i nd i ca te  t h a t  a t  l e a s t  f o r  t h e  "Ender l in"  l e o n a r d i t e  t h e  major mechanism i s  probably  
che la t i on .  

Manganese, Zn+2 and C U + ~  satura- 

These m a t e r i a l s  a r e  probably  very s i m i l a r  i n  t h e i r  behavior  t o  n a t u r a l 1  

Before these m a t e r i a l s  a re  used as amendments f o r  s o i l s  d e f i c i e n t  i n  o rgan ic  
mat e r  they should be tes ted  f o r  humic a c i d  content ,  Fe+3 and A l + 3  s o r p t i o n  and 
Na'\, $a+2 and M concen t ra t i ons .  The i d e a l  m a t e r i a l  should have h i g h  humate and 
low Fe 3 and A l + T  sorpt ion, ,which as a consequence w i l l  r e s u l t  i n  l ess  P f i x a t i o n .  
Since i n  t h i s  s tudy i t  was found t h a t  Na+ l ,  Ca+2 and Mg+2 were e a s i l y  l o s t  they 
may p o t e n t i a l l y  add t o  e x i s t i n g  s a l i n i t y  o r  s o d i c i t y  problems. I n  a d d i t i o n  the  Caf2 
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re leased may f u r t h e r  f i x  phosphorus i n  marg ina l l y  d e f i c i e n t  systems. 
m a t e r i a l s  tested t h e  RR sample f i t s  these c r i t e r i a  best  and ho lds  the  g rea tes t  
promise. A growth chamber study t o  t e s t  i t s  e f f e c t  on p l a n t  growth i s  planned. 

O f  the 

Table 2. Concentrat ion o f  major elements and t race  elements i n  d iges ted  c o n t r o l  
samples. 

~ ~~ 

Samp 1 e Ca Mg Na Fe A I  cu Zn Mn 

me/100 g PPm - 
GPY 197.5 120.8 18.3 43.0 70.0 43 25 93 
SB 142.5 52.5 7.0 115.5 86.7 60 113 250 
GH 110.0 45.8 58.7 31.1 36.7 33 38 55 
RR 225.0 58.3 15.7 56.4 44.5 33 18 175 
E 137.5 58.3 8.7 55.3 70.0 28 33 300 
PY R 66.5 41.7 39.1 88.6 55.6 110 130 140 

Table 3. Comparison o f  q u a n t i t y  o f  Ca, Mg and Na removed by s a t u r a t i n g  ca t i ons .  

Sa tu ra t i ng  Cat i o n  

Fe A1 cu Zn Mn 

_ _ _ _ _ _ _ _ ~ ~  ~ ~ 

GPY 182.7 185.6 136.3 91.3 106.8 
SB 140.8 141.2 136.7 107.5 105.3 

Calcium GH 101.9 103.3 99.8 77.5 82.0 
me/100 g RR 207.6 218.6 203.8 183.8 198.0 

E 122.0 130.0 116.7 107.5 107.3 
PY R 65.4 65.1 64.2 63.2 65.8 

~~ 

GPY 118.2 112.7 109.8 99.6 96.5 
SB 36.2 38.4 36.4 34.6 32.4 

Magnes i urn GH 31 .8 38.3 41.2 38.5 38.5 
me/100 g RR 57.0 56.5 56.4 54.9 55.1 

E 56.8 55.4 56.3 59.4 55.7 
PY R 35.8 35.8 34.5 33.8 30.0 

GPY 11.9 11.8 11.4 11.7 13.7 
SB 

Sod i um GH 51.6 50.2 50.9 50.9 52.2 
-- -- -- -- -- 

me/100 g RR 9.6 9.9 - 9 . i  9.0 12.8 
E 2.6 2.0 2.2 2.5 3.6 
PYR 32.3 32.2 3.1 .6 32.6 34.9 
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